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Although much has been written conceráing shaped 


« charges, adequate coordination .of this material has, 
‘not been effected add: as a result, many. different ' 


' solirces must be scrutinized’ to determine what has 
been accomplished in the field. "This accomplish- 
ment can best be judged by the various shaped charge 
items which were actually placed. in Wirvice. in the 
vévent war: The first section of this report gives a 

` brief description and limited design details of shaped 
charge munitions whRH saw service during the war. 
These items can be classified according to use in four 
main divisions: x 

1. Shaped charge prójectiles which provide armor 
piercíng characteristics ‘in low velocity weapons 
(HE, AT Shells, Rockets, etc.). : 


/. . 2. Shaped charges for dem ition of resistant 


targets (Shaped Charges M2A3 4nd M3). 
3. Sha (cavity) charges to ‘disposé pf muni- 


+ tions by causing detonation. of the high ‘explosive . 


filling (Cavity Charges Mk 1, M2, etc.). : 
4 Special shaped charges to cut highly resistant 
materials as required (cablé cutters, etc.). 


- The segond section of this report gives additional | 


` information ori the disposal of explosive filled ord- 
nance by means of shaped charges. Although many 
of the items mentioned in this “section are not stand- 
` ard items of issue; this information was added" as 
“being of speciale interest to the Ordnance. Disposal 
Units of the U.S! Navy arid-Army. |.» 


_ This report makes no attempt to explain majhe- | 
^, matical concepts of the theory of shaped charge effect. 


Neither does it mention the many items of foreign 
charge items still under development in this country. 
to: include al] this material. 


. im this country was carried on under the cognizance 


of. the Joi Army-Navy-N.D.R.C. ‘Shaped Charge ` 
©. Committee. ` This work is now being contimyed nnder . 


| + a joint Army-Navy committee.. S 


i : ュー 
INTRODUCTION 


ordnance, utilizing this ‘principle nor, the- shaped - 
It is hoped to qgpand this short sis at a later date | 


During the war, the development of shaped charges 
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The ipe charge" as used jn this report is + 
restricted -to those.items of explosive filled ordnance’ ` 
which upon’ detonation produce a lw speed pene: 

. trating or cutting jet: This jetsupplies a directional 
damaging ‘action to the weapons and. therefore 
prompts its use in many applications: The accom- 
panying blast and fragmenration incidental to the 
primáry purpose pf the shaped charge jet exist in 

^ magnitude depending on usual considerations of the 
explosive and container conpositions, weights and 
dimensions, and their damaging action must’ also te 

. eónsidered. + : P AA 4 

In an ordinary or fragnientation charge the ex- . 

. panding detonation wave proceeds outward from the 
point of detonation producing stresses on all portions ` 
of the enclosing case. The casing bursts into frag- 
ments under the action of these enormous forces. In 
a shaped charge, however, a portion of the case is in 

* the form of a regular cavity (usually a cone, ben: 
sphere, or V-shaped groove) so that the detunation 
wave fronts impinging simultancously over tal por- 
tion of. the case will câuge compression toward the, 
center of the cavity. Under the influence of this High 

:. velocity compression, the portion of the case forming 
~ the cavity-and known as the liner acts very nhuch like 

a. fluid, and part of it literally squirts forward in a 

-narrów jet away from the advancing detonation wave. 
The front of this jet is composed of a large number | 

of small particles moving at speeds, of 20,000 to 

30,000 leet. per second. This i$ followed by Shower 
moving: particles, the residue of the highly com- 
pressed liner (or slug), sind fragments torn front the” 

“skirt of the liner. Penetration is achieved when the. 
high velocity jet particles impinge’ upon the target, 
somewhat in the manner that à stream: of machine 
gun bullets entering the same hole would penetrate 

-antéarth bunker. The slug plays no role in pénetra- 

-The design of a shaped charge 
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is complicated by” 
4 d k 


set: 
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the intsigate interdependency of any factory including 
the fabrication of the case and shaped, charge.liner as: 
well as the ballistics, fuzing, and loadfmg of the item. 
‘In most applications the design for maximum jet 
ciehcy must be compromised by considerations in; 
lving one or more of these other factors, which may 
Substantially: reduce the performance. 

The maximum efficiency of a shaped charge «(as 
nieasured by depth of penetration) is’ further, con- 
trolled by a series of specific design factors which are 
discussed below : 

L Symmetry of the. charge about a s axis 
(or central plane in the case of linear charges) is, of 


utmost importance. This should include physical and' 
metallurgical uniformity of the shaped charge liber, ` 


physical and chemical uniformity of the explosive: 


and symmetry of detonation. $5 


.. 2. Shaped charge liners^have been fabricated in 
many shapes.and of a great variety of materials and 
the choice of materiál and ps depends upon the 
idividual application. . For deep penetration of soli 
targets, copper liners give maximum performance 
“with liners of mild steel and high copper alloys giving 
good results. 
done with &onica] liners o? uniform wall .thickness 
and having apex angles of 30 to, 60 degrees. . When: 
liners of this type are used in an artillery shell. the 
penetration js reduced. as much as 50% because of 
the high rotational velocities. Although hemispher- 
ical liners show. less degradation due to rotation-their 
penetration is less than that: of ‘conical liners. ` For? 
this reason, conical liners are usèd in most applica- 
tions. +` > 
_ 3. Sealing laws. . ‘Ror maximum performance with. 
conical liners of a. given base diameter, optimum liner 
thickness and optimunt standoff increase with i incteas- 


ing angle of liner. — yr 


With conical liners of varying base diameters, pene-. 
tration increases. directly^as the diameter. 


eral- that it has been, used to a great extent? Asa. 

. result other quantitative shaped charge data. age usu-, 
ally given as percentages of this diameter. 

4. High Explosive filler: “Only those explosives 

which combine a high rate of detonation with a high 


detonation pressure are applicable | for use in shaped . : 
charges’ No one explosive. can be: said to be the best 
|o. 4. Liner apex angle. 


* for’ all applications but those rated among the best 


7 aré u castable fune Composition, B, bee US 





` diameter of 


"Most wprk in this ‘country has.been , 


‘Jo fact, 
[this linear scaling law has been found to“be so gen- 
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HBX-1 and PT X. 2. For extemporized field charges 


‘the plastic explosive, Compasition C-3, gives good " 


results. 


While the diménsiôns of the explosive container, 


are usually restgictéd by other factors, optinqum per- 
` formance will” "dbta ined when the diameter of the 

explosive is c ‘lo or only slightly greater than the 
elidér; Increasing the’ explosive diam- 
eter beyond the diameter of the liner aoually ténds 
to decrease perfofmance in some cases. The length 
of.the explosive dh4rge from the lowest point where 
the explosive contacts the liner to the pomt of initia- 
tion should be as great as possible up to a maximum 
«of three or four! charge diameters, Increasing the 
Jength beyond “this ‘will result in only slightly in- 
creased MM 










5. Standoff is; the term uscd to-define thë free air 
space between the base of the shaped charge liner and ・ 
. the target. This space is necessary to allów forma- 
tion of the jet and any 
space will markedly reduce penétration. In shaped | 
charges with conical Tiners, standoff for optimurti per- | 
formancé/mereases , with increasing apex angle. "The 
optimum standoff for similar liners of different matę- 
rials may vary over à considerable rañge. 


A 


+ 
uc 


indering material in this . 


6. Confinement of the explosive other than the l 


confinement offered by the shaped charge ‘liner is 
usually. determiried by other factors espetiall) in shells 
‘where the ‘projectile must ‘be designed to ‘withstand - 
- high forces of inertia. 


, increase is slight and where weight is a factór most 


i. ‘shaped charge items have only light confinement, 


+ 


The data concerning each charge have been ob- 
‘tained from the official drawings. Average dimen- 
sions and weights are given and are subject - to plus 
or minus tolerances. ` All dimensions are given in 
inches, all weights in pounds unless noted. The data 
vas shown ‘in the table accompanying the description 
of each item include the following : 


1. Container thickness and material, Where the 


Although confinement in- > 
* creases the penetration of the jet. in some cases, the © 


container varies in thickness, the figure given is that ` 


measured at a point just above the hase of the ie 


charge liner. - "i - gos ^ ’ 
6A Liner material. et | 3 " 
Uo $ Liner shape: gw dw oe 


fox Sn 
5. Liner base width D), measured at the poim . 


x Yu. 
po ee 
M 









P 


where the inner sides of the liner (extended) meet 


the plane of the base. 
6.-Emér height (H). 


^ pounded at the apex because of shanufacturihg con- 


€ 


‘siderations. The measurement, H, is the manufac- 


tured height. UT j . | 
7. Liner thickness :(T), measured perpendicular 
to the surface. RA 
8. Standoff (5). 
the legs of demolition shaped charges or the length 


" of the hollow below. the liner base in the front of the 
.shapéd charge shells, grenades, and rockets. When 
` these latter items inpact on a target the actual stand», . 


. off is less than thé figure given because of the crush =: 2. Assembly drawing amber. 


quiré more than ont drewing for a complete gt. The. 
Artny Ofdhance or Navy, Bureau of Or@nance, draw- 


up of the hollow nose which takes place. before: the 
fuze functions. The ratio S/D is also given. ~~: 
9. Type of e 


es require a composite loading. _ This is espe- 
true where the explosive must be drilled to 
éceive a booster or for other manufacturing reasons. 






Tn such cases thegnore sensitive explosive surround- 


':point of’ detonation of the 


"L/D is also given. 


‘mg the liner is “topped off" by a less sensitive explo- ` 
. sive than can berdrilled with safety. de 


、10. Explosive weight. This: includes the entire 
explosive charge but does not include the weight of 


. explosive in the fuze or booster where these items 


aré required... - 


11. Largest diameter of explosive filling (d) and - - 


the ratio $ BH 0 

12. Length of explosive column. (L) ‘front the 
lowest point the explosive contacts the liner to the. 
main charge megsured 
parallel to the axis of the liner. This may be the 
base of the fuze booster, 
detonator well where a'well is provided. The tatio 

T 


te 2 - > ` ` 


Conical liners are ralways . 


This distance is the length of | 


plosive filling. ‘Only the main filing... 
_surrounding thë liner is given. Some types of shaped’ 


the. base of the detonator or ` 


M. M 


| . Y 








Hn. Booster. Type and weight of “main ‘explosive 
in the fuze bisoster, . 9 
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TS 


14. Maximum dirnensions of the gxplosive head 


including any. built-in standoff, © . ^ の 

15. Maximum dimensions of the assembled item 
ready for firing. and. including assembled propéllant 
container, | a 0n 

16.. Weight of assembled item. N° 

17: Weight of packed item, or items. where two of 


NT ked in one shipping container. 
ンー 18. Wolume in cubic feet (referred to as the cubic), 


“of packed item or items, ES m 


19. Number df items per box. - 
"Many itemstfe- 


- ing listed conta the view of the assembled item as 






| target perfd ted by the shaped ‘charge jet, the depth 
3 etrate.in a target too thick to be per-` 
ount-of damage produced after the 


“jet perforates a target. ` As shaped charge munitions 


are used n attückirig a wide variety of ‘targets, no, 


one type of test gives all the information desirable. 


































Rifle, Grenade, AT, M9A (Figure 1) 


. UUO sheet steel 


Contact, 







Pines material 2. Mild Steel 


mer shape 27 :...#. Cone 
menar angle . 


‘ 2 


1.665 ; 1.02 











fer , 3.2; 1.97 
ONE E e SE E EE 1.8 grams tetryl 
Dimension of head ................. 217 dia. x 6 
)meusion'uf round .....:..4.... 2.17 dia. x 11.25 
Assembled wt... et eee ee eee RCE NOT 1% 
WEL v ETT 33.5 
CUBIC rennes an A Le A par onere “1.13 
No. per box し に に に ーー に ュー ーー ned Jus ~. 10 
Army Ordnance Drawing Number ....... 82-0-67 


Anti-tank Rifle Grenade, the M9A1, was devi loped 
by the Army Ordnance Department to. improve the 
iunctioning characteristics of ‘the Rifle Grenade M9. 
The M9 was the first shaped charge ‘item placed in 

‘service by the forces & the United States. The 
MOAI resulted’ in improved penetration and^con- 
sistent detonation. - 

EN grenade launcher must be attached to the rifile 
and the grenade slipped on the launcher preparatory 
to firing. A Rifle Grenade Cartridge, M3 or M6, 
figure 1, is used to propel the grenade to distances up 
to 365 yards depending upon the angle of fire and 
other considerations. To increase the range still fur- 


be employed. 

Firing records indicate that the M9A1 imp 
on 3 の -inch armof plate at an angle of 23° will pene? 
trat the plate about 80% of the time. `In these tests 
the hole diameters averaged, 0.65, inches at the front 
and 0.18 inches at the back of the plate. It should be” 
noted that in using shaped charges to attack a target, 
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Chapter 2 


DEBE. hte? Lae ides dete ep 0.036 ; 0.022 
SEED ren es 224; L5 
Unplusive ...,,.............8...80/50 pentolite 
SED AU Bebe pue een co ad ee QC XC 70.25 x 


ther the Auxiliary Grenade Cartridge M7 may also . 





STANDARD ORDNANCE SHAPED CHARGES 


the Ingh explosive charge detonate on iT anh 
the ace of the target and dus only the resulting jet 
that be cffective in gun thy object under attack 


Assunang dhe jet penetrates rhe target, doanage wit 
J E i 








be caused by (1) the spray of deal fragments fios 
the jet and those spalled from the hack of hectare, 
(2) the jet penetrating and detonating grunttions, oY, 
(3) the jet or hot fragments setting fre te condar 
tubles. In addition fo this, the chagge frontono 
explodes into lethal fragments on the outside; of the 
target but any damage resulting from these mis be 


considered of a purely secondary nature 
ren 5 
f; N 
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igure 1-—Rifle Grenade, AT. M9A1. 
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Rocket, ‘HE, AT, 2.36-inch, M6AS (Figure 2) 














t b Cars) ge) ose! 
uh { Ts 
Dung shapa . Con 
burerun angle 42 
it “A 
H | n : ray 
TE OS iu ETAT 
~ Ssp FO EGS 
bxplosise ・ zoe HS SO. M) pent D 
Bap We eu it S NS as 
à 
did D d RE な < i T Jir 
ld] 325. Fe! 
Hester s vedete pU ER IR eR 2B grams tetry} 
Diniensioti of head 2.32 du v2 
Jemension of round... 236 dia x 195 


Agscinbled ttc, seemed vs epp 338 
NX paeRedena à Ub ex Ped TE 53 





Figure 2—Rocket, HE, AT, 2.:36-inch, M6AS.. 
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mape nmimitiers ain actual use are now under investi 
don n ond t de HU the penetrauons of stand 
and “raids and to design mare efficient shaped 
charges Th the future. 


” Shell, HE, AT, 75-mm, M66 (Figure 3) 
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The 75-mm Anti-tank Shell M66 was designed by 
the Army Ordnance. Department to give armor pierc- 
"ing characteristics to a low velocity projectile. ‘This 
shell is fitted with the Base Detonating Fuze M62A1 
which-is assembled in the round. ` 

Fired from the 75-mm howitzer with a muzzle 
velocity of 1000 feet per second, this shell will pene- 
trate 35g inches of armor. As. the penetration de- 
pends upon shaped charge effect rather than velocity, 
this penetration is applicable at any range up to the 
limit of the howitzer. By comparison a standard 
armor piercing projectile fired from a 75-mm gun 
with a muzzle velocity of 2030 feet per second will 
penetrate 3.1 inches of homogeneous plate at 1000 
yards and this penetration falls off at increased 
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ranges because of the decreasing velocity of the shell z 
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Figure 3—Shell, HE, AT, 75-mm, M66. 


due to air resistance. Where the A.P. is able ty 
pass through the target before detonating, the letha! 
effect may be much greater than in the case of an 
HE, AT projectile where the detonation occurs vut- 
side and only the jet penetrates the target. 


Shell, HE, AT, j05—mm, M67 (Figure 4) 
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Figure 4—Shall, HE, AT, 105-mm, M67. 
+ z 





"LN MM NCC Xu petet E Aat 2,35. 2:3 
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Assembled wt し | MK “1.4, eei. 3648] 

= Wt. packed ーー MEAT 109.5 
[Vr m À eiusd sue LE 
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Army Ordnance Drawing No. .......... 75-1-161 


The 105-mm, M67, was designed- for the 105-mm . 


howitzer to provide a shell with armor piercing char- 
acteristics for that low velocity weapon. This shell 
is similar in all respects except size to the 75-mm, 
M66,^and like, that round contains a Base‘ Deto- 
nating Fuze M62A1.* Proving ground tests indicate 
that when fired with a muzzle velocity of 1250 feet 
_ per second, this shell will penetrate 4.7 inches ef 


armor. indicating how seriously shaped charges are 


affected by- high rotational speeds arid other. consid- 
erations, this same shell when detonated statically 
will penetrate 8 to 10 inches of armor. Overcoming 
the loss of efficiency at high rotational velocities pre- 
_ sents one of the main problems in the future of shaped 
charge development. 
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Figure S—Shell, HE, AÌ, 57-mm, M307. 


Shell, HE, AT, 57-mm, M307 (Figure 5) - 
S GIR steel oct 
Liner material . 
Liner shape ーー 


Interior angle |... oss 
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0 The 57-mm HE, AT, M307, was developed to pro- 
vide à shell with armor. pie reing characteristics for 
the S7-mm recuilless rifle. This shelf contains A 

hemispherical liner of copper and is the on shaped 

charged munition standardized in this country that 

+ contains a hemispherical liner. The hemispherical 

liner was’ used because it was believed to be less 

affected by rotation than a conical liner and because 
the apex ‘of the conical liner would be roo close to the 


point of detonation in this small shell. -> 
This r@and is also unique in that it contain: an 
instantaneous. Nose Fuze M90 which, on impact, 
causes a small shaped charge jet-to be shot down the 
central tube initiating the main booster charge 
Fired with a velocity of 1230 ft/sec., this round 
will penetrate 214 tb 3 inches of homogeneous armor. 


Shell, HE, AT, 75-mm, M310 (Figure 6 


Container ...,..............,... 0.4. steei forging 
T hineraihaterial OO Mild steel 
Liner shape .......... DE —— Pm Cone 
















Interior angle .............,..,4.......... 42* 
1D s dress Eee as, 2.375 
E icons . 283 
Abs d Des esen ho ;. 0.09; 0.038 
Si SYD suture ed 625; 2.63 
Explosive... Muscle aree wed . 50/50 pentolite 
ERP OWE Spore ner xad e ope NT e 
di d/D E EUER 2375; 
1.; L/D Cae 
Booster. 3 s.s. oe. 20 gratis tetryl 
Dimension of head ..,,..,:.,..... 2.95 dia. x 15.6 
Dimension 6f round : 425 dia. x 29 
Assembled wt. .., 20.54 
Wt. packed ーーーー 79 
CDCl ea AIEE ELEN E E: 
No. per box ........,....:..... EE EERE 2 
Army Ordgance Drawing No 1.1 751-222 
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Figure 6— Shell, HE, AT, 75-mm, M310. 


| 1 | 
The 75-mm HE, AT, M31; was designed for the 
75-mm recoilles rifle to provide a low ve jnty shell q 
with armor piercing characteristics for that weapon 
‘ The design of the hollow charge projectile of this 
Shell is similar in every respect to that of the 75-mm 
M66 and its armor piercing characteristics are the 
same'as those given for the M66 à 


t 





8 


Shaped Charge 15-Ib. M2A3 (Figure 7 


Container ..... RAD. 0.0% molded, 1 nbre 
Liner material に し ーー High density glass 
Liner'shapé .......... た ます に まま の こい Gone 
Interior angle . Maia pew. NR E ey . 00 
は festum PEN TT Poxeul 
I V ieirsertere ex eri bie ederet 45 
Ia FE / Doers cnn anse dues OF! 


DR . 0.436 0. 















Figure 1 hoped. Charge, 15-Ib., .M2A3. 









S; S/D ..... cH dones ws. 5.5; 1.1 
* Explosive .......... Om RE RI 50/50 pentolite 
Exp; wt. si NOT UM 11.5 
Dose tA tiene ke sewed ーーーーー-6.8: 1.3- 
CR 735; 144. 

rats meute ER EE HECHO +. none 


. Dimension of head ~ 
Dimension of charge . . 





Army: Ordnance Drawing No. ...... ms 82-0-120 


‘The Shaped Charge N2A3 was bud by the 
Anny Ordnance Departmestt fofthe Corps, of Engi- 
_neers., The original specification For this item called 

for, a.T5-pound charge that would drill a hale “as 
deep and having as large a diameter as possible” i 
. reinforced concrete. 
be puse filled with plastic explosive or dyna- 


は ムー 7.0 diasgx 1207 
À ーー7.72 dia. x 1643 - 


.The ‘hole thus formed was to | 


“cool and safe for i inserting secondary explosives. 


# 


ORDNANCE SHAPED CHARGES 





NaLa. CÁST,SO-5O ~ 


. CARRYING STRAP 
OTTOM' WEBBING) n 





. S ALTERNATE LOADING; 
6.6 L8. COMPOSITION B 
T 54 し W 50-60 PENTOLITE woosYEX) . 


go» 


mite tó complete the "demolition of the * concrete. 
Filling the jet hole with a secondary explosive mate- 
rial required that the hole should nut contain a‘hot . 
slug as somietitnes happens when metal is used as a 
cavity liner; The high density glass cunc used'as a 
liner. in the M2A3 forms a friable slug which can 
be easily raked from, the jet hole leaving that hole 
“The 
glass cone has‘a further *advantage of producing, a. 
hole. with ' & greater volume (although slighty less 


depth) than a similar steel cone. 


The Charge M2A3 may contain org of wo difer- 
ent types of loading. Because of a scarcity of Com-" 


. position B ‘when this charge was developed. 50759 


pentolite was ‘standardized as the filer. Charges 
‘manufactured towards the end of the war contain, 
the more powerful (and cheaper) Compoyiion. B. 
These later ‘charges contain ‘a case, 50/50. pentolite 
booster as Composition B cannot be reliably initiated 


wit primacord or a blasting cap of less streng'h - 
than the Corps of a Special Blasting Cap. 

















Coepit 


€ prater thee 
‘roan teur avehes'at the 


fale ŞU arees De ef tete c 


s jet bale wali taper 









wolii tonte Ds the blast; to abou 

ive EET t TOATE BE は attum 
Atho disc recombine Ho metab ports (with 
die ex drow the doamp cap and detonator well jy, 





ors advisable persoal showd be under cover 








uc least HX) pards away from the detonation 
When dsg this or any other shaped charge the 
Bulls button should always be directed. towards 
dae target to be apracked, 


Shaped Charge 40-Ib. M3 (Figure 8) 


CODE Go een t Oe aed ee 

Láneraqniuenhl に Mild steel 
laitier “shape o. ^s eee ek. une) の Conc 
terior angle Vo な US Meis 2o 0r. 








0.024 she&t'stecl 
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Dimension of heag し 

Dimensjon of charge 

Assemibied wt... AES en 

WS 

CUD0G ns ME ne cutie bak va $552 e 45 

Dru PET Dok. ck ay ta eau e E ahem, 

Army Ordnance Drawing No. ace tpn 1229 8198 DOT 
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4 fou: 062 CLOSING CAP. 


DETONATOR WELL 

-NO 18 USS GA (0418) 

-SPOT WELD 

EXPLOSIVE FILLER 

29.5 LB. 56-50 PENTOUTE 


"ALTERNATE LOADING: 

J 28.3LB COMPOSITION B 
1.708. 50- 50 PENTOCIT 
(BOOSTER), 


















-CARRYING STRAP 
(COTTON WEBBING) 


ーー 60" ORAM STEEL 



























COME 
1125 

Up “WELD LEGS TO 

: v.d oe SAMO 
I t 
i |^ 
il! - ; 
1 

1 NE a 

1 1 3LEGS(ANGLE | 
i n STEEL xix D 
: : SET AT 120° 
EE AROUND CIR- 
! i CUMFERENCE 
1 | 
| 1 

, F 
t ! 
j t 

e. £s 
. f ー i: "99 MAX DIA ———| 
ý E Figure 8—Shaped Charge, 40-Ib., M3. ` 
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« STANDARD ORDNANCE SHAPED CHARGES 


























Brg Charge M3 Pasa ul mean! i 7 
Pee tk se Parum etin the (os Nosembled si 
Pure charge nodesupgned ta pent Wa packed! » 
oet alie &, ceniiberved comete pallbox Phe resulting Cubic 
ry hage enough te athow entranec Gt a hangalore Nu pet box 
Lega do der mrther demohluon lu massive Cotte tete Anny Celine Drawing の 


dus @harge will produce a hole about 472 te 5 feet 
deep Paper digan size Bem O inches at the mouth te 
Pl, mehes at the hotte 

bike the: Shaped Charge M2A3, the M3 may be 
eund wath one of two types of loading ; 50/50 penta 
lle cr Composition B wih a peutolite booster. 

in using the Shaped Charge MÀ all personnel 
stiould be únder cover and: at least 100 yards away 
from the point of detonation, 


: Cable Cutter MI (Figure 9) ~ 
























Counter ee eee 3 ess sr peri Fiberboartd 
finde material et 
Liner shape .. ues . Section of tube 
]nigrior angle Less... Section Of circle 
D'Lonasedepepnepes det ierunt bs avi De Ces CAT) 
E ar te Jm Maires es me Ot 
UNA panne De で .. 003270004 . 

Ne SB. SS ss Msg qM Approx. Q 75, L5. 

IB TE 58/45 pentolite 
Exp. wt eee ben] TO 0.05 
dix Del.asatiietéeme] ero . 0.625; 12 
bund ZL) eni uu OpY FRS 0 9: LE iios acd 

: Booster 2... d Vo BOXE 55/45 pentolite . ` 
Ditiension of head rite Tu x6y x 334 | Figüre 9a-—Cable Cutter MI. 
* | ~ ` t DETORAZOR em | ee HIELO 
| » % ぷる BOOSTER 、 P. E a 
・ (ose : CHARGE + à em ` 
6 : T ocrosATDA Lean. | 
má 
L- CABLE 
T CABLE GUIDE 
j de” S i ei ee . | ; » i i * 
+ . Figure 9b—Cross Section of Cable Cutter MI. s 
à z t 
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SHAPED CHARGE AMMUNITION - 
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Phe Cattle Cutter Ml was deve lope os oria 
" . : 
に na  Depatninent ror the Armes T Pora 
Fas as a ecole atem to be used as alien 


SEES cutter der the towing cable imn a slides pe oun 


votem dis swerer a cable dansles below a tow 


urephaue dau Tow over a grounded ghder By 


Biens ol us dangrlinir cable is male 


a xpeetud rip 
Past toa rope pure te the nose ofthe plider and 


du 


gtk as hited aloit 


after a short take off. run 
While dis run is bemp made the towing cable is 
api paid out fron: a drum in We plane. This 
Tini is braked as he glider begins to move and the 
aystemn gradually reaches equilibrium. The 
vutter ds used only should an emergency arise making 
 uecesxiry to cut the plane from the glider. 

In the development of the Cable Cutter M1, the 
requirements stated that a -inch steel ble moving 
at. speeds up to 150 miles per hour must be cut and 
that there must be no flying fragments to damage the 
aluminum skin of the plane ` 

The cutter 4s developed contains the minimum 
amount of explosive necessary to cut the moving 
cable as required In service the entire explosive 


whole 


© assembly is placed in a shielding steel box below the 


plane and just over the free running cable. This box 
stops all fragment which might damage the plane. 


Cavity Charge Ge 前 ainer Mark À Mod 0 
(Figure 10) : 


Container し し RS arcu bare 0.01 Terne plate ` 
Liner material oo... cece cece ae Mild steel 
Liner shape .... une Se A edades v .... Cone 
Interior angle ...:.......,.........1....... 42° 
1 wind hn Wee Ale ie eee aiden. c 2.0 
1 Ses CR Dd aedi だ aa aa 252° 
Ue TID este ah esee o eee 0.062; 0.031 
SS /D uae pra aes el ESCUDO 3:15 









Explosive - Plastic explosive 
EXD? Wt) tite ACE RPC es 067 
‘d:d/D ..... RE ade tees 2.25; 1.12 
Iv, D Sas hrs biens cut cux 3.5; 175 
Booster .........,,......... dy eine dans none ` 
Dimension of head ........... 2.25 dia. x 7 
Dimension of round ...,........... 2.25 diasx 7 
Assembled wt. s.u... nr Tale DONT 10 
Wt. packed ............. dices vate Dedi e qaa 50. 
Cubic err eek ta ee EO e tet ^. 1.83 
No. per box cessus EDS 100 empty 
Bureau of Ordnance Drawing Note. 422108 
12 e d 
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Figure 10—Cavity Chargé Container Mark } Mod 0. 


The Cavity Charge Container Mark 1 Meal O 


" (which Pi ap with plastic explosive becomes the 


Cavity -Charg&Mark EMod Q) was developed by 
the Navy, Bureau of Ordnance, for the disposal of 
explosive Hlled@projectiles. If a Mark 1 
detonated so that the jet penetrates a projectile just- 
forward of the rotating band, the projectile à ex 
pected to detonate. 
sized projectile up through the 16-inch A.P 

This cavity charge utilized the available steel ner 
of the-2.36-inch HE, AT rocket 
where). 


Charge ts 


The Mark 1 may be'uscd on any 


(described. else- 
When used for demolition purposes ji will 


penétrate 32 inches of homogeneous armor or 12 


inches of reinforced concrete. 

To use, this and similar cavity containers must be 
packed with a plastic explosive such as Composition 
C-3. The explosive should be tamped in place with 
a wooden paddle. The famping should be carciully 
done to avoid cavities which would be detrimental to 


^ 





Figue 11—Cavity Charge Container Mark 2 Mod O. 


the action of the jet. A Corps of Engineers Special 


“Blasting Cap inserted approximately 34-inch into the 


* 


"Cavity Charge Container Mark 2 Mod 0° 


center of the top of the explosive charge and with ij 
axis in line with the axis of the container will: when 
detonated, initiate the charge. 

When disposing of explosive filled ordnance byè 
means of the Cavity Charge Mark 1 Mod 0 ail per- 
sonnel should be under cover as the projectile will 


probably detonate “high order.” 


(Figure 11) 


Container «iiie nan 0.01 Terne plat: 

Liner material ....................... Mild steel 

Liner shape .,....: RS ee rA eh ea dre Cone 

“ Interior angle ............................ 80° 

JA esca BAS BT E Rein Se CREATA TRE vee LO 

He eon e e eee 0.5 
918449 0 一 0 一 3 d 














Figure 12-~Covity Charge Container Mark 3 Mod 0. 


4 d ALES buste pa D buis Ros 0.03; 0.03 
SS RU, 
Explosive Pense Bi Ong sae dl NUM Plastic explosive 
OS A ER esee ee eee eR G6 oz ^ 
di A/D aia erint SAATA kt iU | 
ELEJD SS UB, し と 
Booster lier dede rats ans da o0 Non 
Dimension of head ..,...,....,.... LO ha xY? 
Dimension of round ........!...... 10 dia x be 
Assembled wt, に TUIS 
Wt. packed eee... MEET 
Cubic eine e Dés Marans PRET SE A Us 
No. ^per box eiie eru p duele. SU eni is 
42244 


Bureau of Ordnance Drawing No. ...... 


The Cavit Charge Mark 2 Mod 0, was designed 
y E E 
by the Navy, Bureau of Ordnance, to open thin- 


‘skinned, explosive-filled ordnance by imitating low 
‘order détonation of the materia! attached 


> 
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SHAPED CHARGE AMMUNITION 


To ready the charge for ise it should bs filled with 
Composition -C-3 (as npted far the Cav ity Charge 


Container Mark 1 Mod 0) and a Corps of Engineers 
Ss Special Blasting ‘Cap should be inserted. 4- to e <` 


inch-into the center of the top of the explosive with 
its “axis in line with the axis of the container. `, 

A standoff distance gt eight inches, provided by 

the three wire legs ‘shown in figure ll, is recom- 

. mehded as thé one most likely to give consistent low 

order detonation „of ‘thin-skinned’ explosive filled 

ordnárice. 

optinitim standoff distance of two inches, the jet will 

.Q^onct always penetrate/the explosive covering. If the 

material fails to initiate “low order” after the first 


shot, the recommended.procedure is to make à second : 


shot at a different spot using the same standoff ‘dis: 

. tance, 
he jessened by two inches on each successive shot 

, until the ordnance is opened. . ; 

a Although designed to open thin-skinned vba 
with a low order detonation of the explosive filling, 
„there isa possibility. that the explosive will detonate 

“high order" and precautions should be made to have 
, all personnel under covér when using this charge as. 
indidiled: Making two shots at one place on thin- 


'skinned ‘ordnance increases the. probability of high - 


order detonation: ・ 


~- Cavity Charge. Container Mark 3 Mod 0 









Düe to this large variation, from the・ 


If this, too; fails the standoff distance should - 





OP 2 720 








gk l 
The Cavity: Charge Mark 3 Mud‘) was de Ane aJ 
by the Navy, Bureau of Ordnance, w initiate low 
order detonatlon of explosive-filled ordnance where 
the material ig bared beneath mud ur sart. 


The container must bz filled with plastic explosive © 








and prior to pse a- Corps of Enginvers Special Blast- >> 
-ing Cap should be'inserted approximately }4-inch 


into the center of the top of the explosive filling with, 


_its axis in line with the axis of the container. 





The charge, has been successfully used to initiate 
low order detunation of explosive-filled' sordnance 
buried under! one foot of hard packed carth, As 
there is always a possibility of initiating high order 
detonation of the materiel attacked, proper safety 


preeautions should ‘be maintained. 


‘Cavity Charge Container Mork 4 Mod 0 








(Figure 13) | 
Container :......8...... TUN 0:026 Sheet stecl 
Liner material. ............. ーー Mild steel 
Liner shape ..,........ pias EE Wedge (doub 
Interior angle *........... S uet Nn sue à {80° 
D. Stu : os Dy =1.5; D。 = 0625 

: A = 1,375; H: = 1.0. 

"m T, = 0.052; T. = 0,026 

Suresi PA AA . Si = 087; Se <= 0.5 
Explosive ..................... Piastic explosive 


Exp. wt. ...........,,..:...... ep ui iiL 





Fes 14; L = 10 i 


a. Figure Hr E : Booster ..:..........,.:...,... Plastic explosive 
Container’ RE ooi Terne- piate“ Dimensjon of'head .…............ 15x23 x 167 
Liner material s... Mid see Dimension of round ...:........ 5x 2.3 x 167 
Liner Sapen Ee alesis dre Re ELE Cone Bureau of Ordnance Drawing No, . d 502377 

; reu PEE E E A .… The Cavity Charge Mark)4 Mod.0 was developed. 
te ee by the Navy, Bureau of Ordnance, ds a means of 
T;T/D. opening 5 in./38.A.A. comtnon- projectiles for subse- 

S . S/D . gent disposal of the explosive filling. 

Explosive, The containers are used in pairs as dowi in 
Exp. wt, * figures 13 and 33. They are held in place ón the 
d; d/D . o „projectile, by る bracket which supports the charges ・ 
> し > L/D. 36 ‘at their center of gravity. . Each container is filled 

à NM E pe with. approximately. 74 of a pound of plastic explosive. 

| Dimension wf head ji » An additional ounce of plastic explosive is formed: 
Dimension of found'..:..,........; 3.0 dia. x 10.0 . into the boosters around two Corps of Engineers 
os wt. ; ; _ Special Blasting Caps, one being placed af the center 
-We packed.…..:.1......,........2 of the length of each charge. The caps should be so 

“Cubic ....... i " : y placed that their ends are against, and not inserted 
No. per box .#..:......:......,, eee ates into the main filing. The two caps should be con 
, Bureau of Ordnance Drawing No. ーー 422394 “nected ina series. Circuit. ] Do 
4. ps d ^M MET A f : 
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STANDARD. ORDNANCE ‘SHAPED CHARGES. 















Figure 13—Covity Charge Container Mark 4 Mod 0. 
The projectile vill be cut in half hy the jets from 
the two linear cavity che arges when these charges arv 
dbtonated, The projectile fuzes. are thrown amact 
rom the éasing while the top half of the sectiotied | 
* projectile may be tossed a distance of up to 100 feet 
In usingthe charge, proper safety precautions should, - 
be, maintained to protect pérsonnel in event the pro- 
jectile detonates "high order" or if one or both oi 
the fuzes should explode after being thrown from the 
shell. | 
Demolition Charge Mark 2 "Mod 0 (Figures 
14, 15, and A8. Ex 
COMPING Pas ete ue vene eR PIG 0.036 Steel 
Liner material ...,......... We rm A Mild steel 
, Liner shape ......,.... SER ER AGREE d Wedge 
Interior angle に に 39° 
D tas ets MANE Sha arctan on Ma 0.5 
Fees eta coi l| rare 0.35 
To TID esce rt A RN 0.025 ; 0.05 
SiS 7D) aa. sed. N udo al NM 0.375; 0.75 
a : > 1 s : 
Explosives. ..........,... Vs Res Plastic explosive 
Expr WE pense Eo UEROIe ed HU. Pack 1.25 
di d/D ........ A MER € 0.5; 1.0 
ED 0.94; 1.9 
Booster cesser er bep ex boxes MER ーー 
Dimension.of head 1.3 x 10 x 20 
Dimension of round . . + 1.3 x 10 x 20 
Assembled wt. ... dures Psalt eee — 
Wt. packed ....... wii LU TT EN TE — 
Cubic ............ Me] s ce 
No. per bOX oh . — 
Bureau of Ordnance RA No. 4c iei. 398961 


` 





Figure 15—Demolition Charge. Mark.22 Mod 0 
Placed on ‘A-inch Steel Plate 
-Surface of Water. 


Supported an 





Figure 16—"A-inch Steel Plate Showing Rectan- 
puer Hole Cut by Demolition Charge Mark 22 
Mod o. 
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SHAPED CHARGE AMMUNITION - 
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Phe Denchnon heage Mark 22 Mod Oyo. de 
Navy, 


methal of quickly scutiling. explosive 


Bureau ot Clrdnalme, ue o 
tilledi, 
90 inch hole through 


selon! ta the 
drone 


Seats by cutting a 10-nkh ba^ 2 






the faanch bottoni plate De 
any remote control device imitating two Corps af 
Engineers Special Blasung Caps inserted m the det 
Onator wells provided. 


The charge container is ene die empty and must 


be loaded. with approximately 114. pounds of plastic , 


explosive priog to use. 
| the explosive although this.is not necessary to insure 
correet functioning of the charge: Tfiis chargesmay 
be used for cuuing through mild steel plate up to 
iianeh thick. The watertight standoff sleeve allows 


the charge to function under water. 


Cable and Chain Cutter Mark 1 Mod 1 
(Figures 17 and 18) 






Cunbiher Oy paint ee saat n... 0.031 Steel 
Jüneraaaterml. occ de tones eee tW TERT Mild steel 
Hiner shape cea Gases ieee dene iat "UU" wedge. 
Interior angle: 4,2. ese ene re yes eee 80? 
anne dueds Sea DATAE UE 1.10 
E esse erre st Ye EAS tnu ets, ii 0.70 
A OERS RTA D E EG eee ses 006! 0.055 
S USD S zs: Lans vetere ahaa Ie 0,5 (watertight ) 
Explosive Plastic 
Exp. wt. EDEN EN Leyva 20 
ZED oo Son な の る * 1,25; 1.1 
1 5 SA D entre — 
Rooster Oo ee eese dates sere dx dc hr e tT d — 
Dimension of head ....... T nan oda 
Dimension of round ...... No | 134 x 6% x 154 
AssembJed wt, .................... 2.5 (empty) ) 
Wt, packed ..:............, iies|ac ejes cs 125 
Cubic ER Nr too ne er hogs 
Noper Dox 2er ieeseqesic sed ne decree eas 29 
Bureau of-Ordnance Drawing No» css 439200 


The Cable and Chain-cutter Mark 1 Mod 1, was 

| developed by the Navy, Bureau of Ordnance, for thé 
"use of U.S, Naval Combat Demolition Units (Under- 
water Demolition Teams). Basic requirements stated 
that the charge should be capable of cutting cable, 
chain, or similar material which might be employed 
as an obstacle to landing craft. Cutting must be 
positive. either in air or under water. An addi- 
-tonal requirement demanded that. the cutter"be pro- 


mation is achieved by? 


A plate is provided to cover , 





` + 
Figure 17—Cable ond Chain Cutter Mark 1 Mod 1. 
f | < 


vided with a means to attach it securely to the cable 


or chain in a quick and easy manner. , 

The horseshoe shaped container of the Mark 1 
Mod 1 js filled: with approximately two pounds of 
plastic explosive prior to use. 
Special Blasting Cap is inserted in the detonator well 
and held in-place by means-of a plastic adaptor. Ip 
use, the scissor-action handles are squeezed thus 

operfing the clamping jaw of the cutter and allowing 


À Corps of Engineers 
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STANDARD ORDNANCE SHAPED CHARGES 
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Figure 18—Two*inch Steel Cable and V'5-inch. Steel Anchor Chain Cut-by’ Demolition of Cutter. 


the open ends to be slipped over the chain or cable 
at the point where the cut is to be made. Releasing 
the handle locks the cutter in place. 

The charge 8 capable of cutting two-inch steel 
cable, 114-inch steel anchor chain, or other material 


~ $ 


- which can be placed between the open. jyws 





i 


hier: 





watertight compartment between the Cava 
the target allows the charge to be used under water 
If this cutter is used out of water, all personnel should 
be under cover to avoid flying fragments j 
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Chapter 3. 
OPENING EXPLOSIVE FILLED ORDNANCE 


Use “of Cylindrical. Charges 
Bombs, he US. Navy Cars Ularpge Mk 2 


1 


Voi dt described earher has heen successiudly used 





afe low-end debeuatiens of various types of 
explove miel bombs — Unless otherwise specified, 
a sandat astute or aight mehes was used. The 
Casus Charge Mh 2 Mod O was fired into the mid- 
e uen er the bombs im all testo, hr the majority of 


cases iut wiheh the charge was uscd, sections of the 





case opne out by the low-order detoggtion of the 
explosive hg were thrown m a direction opposite 
to that trom which the gavity charge attack was 
made Sections as 
cases have beer htt 
low-order liérunari 


arge as one-third of the bomb 






n bombs low-order 
High-order detona- 


> dn KO percent of the attacks 







detongattons niy be expecte 
j 1 


tan and jighne of the chrye tu initjate any type 


ea) Cav Charite AMA 





(b) Bomb opened by low order detonation of explosive filling 
initiated by attack of Cavity Charge Mk 2 Mod 0. Thé section 
Horn from the case was blown approximately" 200 yards. 


Figure 19—U.S. 500-pound G:P. Bomb, AN-M63. 


18 : à 


th nearly 300 yards by these * 


ca detonating tens be c pected an the renaren. st 


pereant of the atak e.c fa thie evento 


the charge to imitate gw rdrr detonation, 


atah shear banadi at a pont qn de 


removed iron the previous shat 


1 
i 


Laur d 


SUE ese ve 


Yond, 24 


* : 1 
Figues Py 20, 21; and 22 uidieate varier ditti s. 


of sing the Cavity Charge Mi 2 Mod O 


A.A. Projectiles. The application of the | 





Chagge Mix 2 Mod 0 to & mn 





usd 


A. cehanmnieon prr 


t jectiles is shown in figure 23 Dae te the the kne 


of the sidewalls of the projectiles, the standelf oi 


tance uul was near opunum. boweerder Qi toare 


tions of the projectiles niy be expected to result frons 


80 percent yf the attacks on these projectiles, 


‘The 


remaining 20 percent of the attacks will const 


niuflv of penetration of the projectile wi 
tion of detonation, with possibly a dew 


detonations. 





(b) 250-ky. German G.P. bomb opened 





hy 


m 





aout inia 


arder 








npn, 


detonation initiated by atiack of Cavity Charge Mk 2 Mod Q 
The bomb case js rippéd open and the, explosive filling is 


broken up and scatteréd. 


Figure 20—250-kg. German G.P. Bomb. 


ey 





e 
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(h) 20-lb. US, fragmentation bomb after attack by Caviry 


Charge Mk 2 Mod.Q. Some of the explosive filling suil 
remains an jhe case which is attached to the tail fins 


Figure 21—20-Ib. U.S. Fragmentation Bomb. 


In those cases where penetration of the projectiles 
is obtained without initiation of low-order detanation, 


a second attempt may be made by directing the jet’ 


from a second Cavity Charge Mk 2 Mod 0 into the 
hole made-in the projectile by the first attack. If 
this procedure is ‘followed, however, the probability 
of high-order detonation of the projectile is increased 
considerably. : 

The disposal of A.A. common projectiles by means 
of linear cavity charges is believed to be’ a more 
satisfactory’ method than attack by the Cavity Charge 
Mk 2 Mod 0, due to the fact that larger openings are 
provided in the projectile cases with less penetration 
into the explosive by a concentrated jet thus reducing 
considerably the probability of high-order detona- 
tions. See Cavity Charge Container Mk 4 Mod 0 for 


further information, 


OPENING EXPLOSIVE FILLED ORDNANCE. 


fb) Cavity Charge Mr 2 Mei u 
of eight inches for attack on 
Gndicaged by pointer) ` High ord 
fuzed butterfly bomb was 





t 


Figure 22—German Buttery Bomb. 





(a) Cavity: Charge Mk 2°Mod O pl 
of the rotating band of U.S. R in 
A standoff distance of two nr 
charge. The proiecnle cis 







(b) Results of attack on the 8-in 55 A A. commen puje 

by the Cavity Charge Mk 2. Sections of the projec 

recovered, including the nose and base fuzes, are si a: 
in the picture. 


Figure 23—U.5. 8-in./55 A.A. Common Projectile. 
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Figure 24—U.S. Navy Cavity Charge Mk 3 Mod 0 "' 


Directed for Attack of Buried Ordnance. A Stdnd- 
off Distance of Four Inches [s Used. 





Figure 25—U.S. 7.2-inch Barrage Rocket Head 

(Hedgehog! Opened by Low Order Defonation 

Initiated by Jet from Cavity Charge Mk 3 Mod 0. 

The Cast TNT Filled "Hedgehog" Was Buried Under 
One Foot of: Mud. When Attacked. 


Buried Ordnance. The Cavity Charge Mk 3 
Mod © has been applied to the disposal of buried 
ordnance as illustrated in figures 24 and 25. .High- 
order detonations have resulted in a few instances. 

^ * 
Use of Linear ond Curvilipear Charges for 

Sectioning Thín Skinned Grdnance 


This'section describes the use of charges which are 
fabricated in the form of ntinuous troughs. For a 
' discussion of linked linear charges see page 27. 
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. Often obtained with the larger cavity charges 


y 





e en 


Figure 26—Curvilinear Cavity Charge Form Used in 


Special Abplicotions of Linear Cavity Charges. 


The successiul sectioning ‘of thin-cased ordnance 
depends upon cutting completely. through the ord- 
nance case and to a suficie « depth into the èx 
filling to obtain sufe ient shearing action to E ürate 
the explosive, For heavy su s. high- 
capacity projgcules and armar- percing T, 
“it is not always necessary tó cut comp 
the case to obtain sectioning. Sufficient shearmy 


action to separate the uncut portion of these vests cs 


plósive 
Cases, 


sletely through 


ti 
quired for opening of this type of ordnance. ‘Tin 
selection of the cavity charge to be used for the sec- 
tioning operation depends, therefore, 
the material and the thickness of the ordnance c 
Ordnance fitted With heavy internal tubes to 


prnia: ils 
aye 


Tecerve 





on 


booster& or initiating mechanisms is difficult to secs 


tion by means of cavity charges because of the re 
sistance to shearing of the internal tubes. 


Linear cavity charges with cavity linings of 120° 


apex angle as shown in figure 26 have been preferred | 


for sectioning of thin-cased' explosive filled ordnance \ 
This is due to the increased ease in manufacture Over 





x E à V oreninc EXPLOSIVE FILLED ORDNANCE 








l vie wnh an MI apex angle Ù harpes 


ve been used ger SAUE Op vegir 





: s 
Biente oy trom U OG inch. through (31 


uc SK eel 上 


shatpes wath Cavity TUES ot ND apex 


oi been used ior satong at ordnatiee ease 






hun OS@-inch steel, where the gnecessatil 


chat amercases the euse OÙ niagutacture anil 


Sectioning German G Type Mine 


The externi charge is placed past forward ot the 


unt Compartment of the mine, ngure 27 


Sa Data, ge . 
‘ a > 
e Charge width... TOT CES i... de MI 
4 Apex angle of hüer し し 120 
Height of silex .,,.,...,.! a ace see oe 
Standott distance に し zou 
Kadiüs of curvature 1.13... 1313 


Fhe curvilutear cavity charges used to section ti 


hesanite filled. Hyauch thick case af the German G 


type mene are rolled from 0.02 1-inch thick sheet brass 
as shown in figure 26 go 
e Pwo of these forms when packed with à totals 


weight.of approximately 375 grams of plastic explo- 
sive (Composition C-3) constituted the sectioning 
charge. | | 


Sectioning U.S, Depth Bemb AN-Mk 49 





` Data: 8-in Mui 
. section charge 
: f Charge width ..5.... M in. - Lj in. 
Q tign of sides.. $. 0.6 in. 024 
z Material of liner. Mild steel Mild steel * 


Thickness of liner. 0.011 in. -0.016 in. 








Apex angle of liner.... 120° 120* en i 
5 iN i Yj (c) Blasting cap placed in boner ifr 
Standoff distance .... Min. M in, of Cofhposinnn C-3. The bia iur ja 


Radius of ‘curvature. . 9.35 in. 9,35 in. into the chargé prayer 
Total weight’ of explosive filling, approximately 
175 grams. 


P | The U.S. Depth Bomb AN-Mk 49 consists of a 
^ lacinch thick” welded steel case with an 8-inch thick: 


steel reinforcing band placed to strengthen the bomb 
case where the suspension lugs are secured. The 





depth bomb shown in figure 28 ts approximately 1734 (d). The séctien cut Eram a e Ges hee datu od. 
7 inches in diameter and is filled with approximately $ approximately 10 fcet 
480 pounds of torpex. , Figure 27—German G Ground-Sea Mine. 


' 
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cb Note the larg ida incorporated to cut rirough the 
inch tes reni band and the placement of the 
a ung cap. 











(c) Sectioned by the curvilinfar cavity charge. 


Figure 28—U.S. Depth Bomb AN—Mk 49. 


"The curvilinear cavity charge used to section this 

depth bomb contained am 8-inch section which was 

. made heavier than the remainder of the charge due 
to the presence of the reinforcing band. 
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Co) i. 
the large st 
is placed on 





the dej 


Figute 29—British Depth Charge Mk 7 Mod 0 Cut 
by First Curvilinear Cavity Charge 


Sectioning British Depth Charge Mk 7 Mod O 


Data: 
sê . à ・ 
Material of liner ドー Mild steel ( 
Thickness Of UGC | ODIT in 
Charge wide Q250 m... 


Height Gh sides? acere ER 

Apex angle of liner... 

Standoff distance 

Radius of curvature ... 

Weight of Composition C-3 filling, approxi- 
er 


mately 150 grams. 





The British Depth Charge Mk 7 Mod 0 was kcc- 
tioned to obtain evidence of segregation in the amatol 
filling and to obtain samplés of the explosife ñihng 
for experimental purposes. 

Difficulty was encountered in sectioning of this 
depth charge because ef the central booster tube run- 

















: % 
opened in, curvignear cavity 
cuon of the explosive has been 





charges. 
removed. 





Leosened os 

Figure 30—British Depth Charge Mk 7 Mod 0 

Opened. “by Second C49 of Curvilinear 
Charge. 


Cavity 


ning longitudinally through it. Consequently it was 
necessary to make two separate cuts on the charge, 


figures 29 and 30. to facilitate remóval of explosive 
samples. : 


, OPENING EXPLOCIVE FILLED ORDNANCE 





Figure 31—Linear Cavity Charge. 


Use of Linear and Curvilinear Charges for 
Sectioning Thick Cased Ordnance 
Disposal of US. 100-Ib. G.P. Bomb AN-M30 


puc UCT CAVE vhatpe 





1 1 | 
as developed tor the opening and 


Ux Wb GP 





Bomb 





carie, when tiled 





eunces of plasie explosive {Org ton EE ET 


tlsled lompotudinally on, the © > 22 n 
Bomb AN-SM36, resulis in oper ng 





cently Por easy disposal of tie 


urung., “The bomb fuzes diop tian the an fs 
see hyuse 32 


Detonatwon ob this charge is s 





temps ot Engineers. Special Pasung 





aneh into a booster of JO pran: 
se added to the top of the charge 

Phe fta-meh standoff used pe dis 
secs nf optimum for the charges «dti 


uti is used te reduce the cutting etit e 





ai the center of the boribisasc, whose 


Hunner than either the nose or uul ra 


Disposal of 5 in./38 A.A. Projectile 





The use of the Cavity Contam: Ma 4i 
ing the 3 in. /33 ALY. Preyecule is described on p 





14. Figure 33 pictures the operation 


6- and 8-inch A.P. Projectiles 


^. A EE 
The bases have been cut from 6- and & inch AP 


projectiles by the detonation où one curvilinear cavit 


rotat 





charge circumscribing the pp je tue al 
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Composition Us 
y 


. SHAPED CHARGE AMMUNITION 








(a) Note the phicement of the detonator in thg booster of 





The bomb is. fazed with unarmed Yuzes 


(b) Note-that Nose Fuze AN-M-103 has been rendered safe 
by the. ejection. of the striker. 
has been dropped unharmed from the opened bomb. . 
Figure? 32—-U.S..]00-Ib: G.P. Bomb Opened by: 
Detonation of Linear Cavity Charge Placed Longi- 


The Tail Fuze AN-MIO0A 


tudinally on Top. of Bomb: + 


band. | Figure 35. The charge used was madegto the $ 


following specffications: ; 

Material of liner ......... a NS Mild steel 
» Charge width 114 in. 
Thickriess of liner . 0.062 in. 








Apex angle of liner .... 
Height of sides ..... n 
s Standoff distance :..,.....:..... .Min 
^ Radius of curvature (6 in. A.P.) ....... 354 in. 


Radius of curvature (8 in. A.P.) ere US 4M in 
ma -—. dc qd ie 
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B 









tothe @hurges m position 









(e) Projectile opened. by the detonation. 
-Figure 33—5-in./38 AA. Common Projectile. . 
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ジィ uk 


\ 





LE 


{ ニー 
Figure 34—Curvilinear Charge Used to Section 6- 
inch A.P. Projectile. Half of Charge Is Shown. 





Two of these forms when filled with Composition 
C-3 contained a total weight of approximately 14, 
pounds of explosive (6-inch A.P.) 

Detonation of the explosive Margi was ‘initiated by 
means of a Corps of Engineers Special Blasting Cap 
inserted into a Le booster in the center of the 
charge. 
^ The cavity chave forms used for this work are 
made by rolling Q.062-inch thick strips of sheet metal 
into the appropriate conical sections. and welding two 
of these sections together. The appropriate side 
pieces and standoff legs are welded onto the resulting 
liners to complete the cavity charge forms. The 
welded sections are annealed and all superfluous 


material ground off. These forms are made in two ^^ 


semicircular pieces to facilitate placing the charges 
around the projectiles. The two sections are joined 
together by means of cotter pins, as shown in figure 


Entering Unit Compartment? of German C Type 
Mine by Rectangular Frame of Linear Cavity 
Charges | 


À rectangular frame of linear cavity charges was 
prepared to cut a 10- bx 4-inch section from the unit 
compartiment of a German C type mine case. Figure 


5G. Thes10-inch sides of this frame were curved to 


fit the contour of the mine case. The 4-inch sides 
were directed to cut the sidewall of the unit compart- 


^ 
r 








(a) Gurvilincar eases 








(b) Base cut from projectile by curvilincar cavity charge 


Figure 35—6-inch A.P. Projectile. 


ment at an angle of 45° in the attempt to lift ihe 
section cut from the mine and throw it outwards. 
The specifications of the cavity charge frame are: 


10-in. sides din ondes 
Material of liner .:... Brass Mild sted 
Charge length ...... 10 in. 4 in. 
Charge width TRE 0.4 in O08 in. 

_ Apex angle of liner... 120° 120 
Thickness of liger .... 0021 in. GOUT jm 
Explosive filing wt... 47 5 grams #4) grans 
Standoff distance .... dain. , uod 


The charges when detonated cut a rectangular に ie 
in the unit compartment of the mine case. blast: 
the cut section into the urit compartment, 

It is believed that a charge of this type bini to 
extend one-half of the way around the unit coripart- 
ment would throw the cut section away fron. the 
mine. 











v 





vo ar Cas! charges 





German € 






Type Mine tas 





ip senes for TA detonanon of 


4 the explosive filing of the ch 








rges 





(b) Rectangular hole cut is unit compartment 
x a 


Figure 36—German C Type Mine Case Opened by 
a Rectangular Frame of Cavity Charges. 


Enterirtg Unit Compartment ef German. C Type 
Mine by Curvilinear Cavity Charge ^ 


+ The tail door was cut from the unit compartment 
of a German Ç type mine by means of curvilinear 
cavity charge placed around the unit compartment of 
the mine case. The specifications in: this application 
weré : i 


Material of liner .................... Brass 
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tas Jom! mad 
Jhe need n 






by more care i 





ent Cui iffum. 


(b) Tail door and portion of, unit comparin 
mine case. Note the cut made when the two sections oi 
the cavity charge overlapped. 


Figure 37—German て Type Mine Sectioned by 
` Curvilinear Charge. g | 


Charge width ..........,.,.....,,:, O4 n 
Height of sides ...................... Quan 
"Thickness of liner ................. 0.021 ^n 
to Apex angle of liner .......... Pied eink ted 1207 
Standoff distance .............. n i.an 


Weight of Composition C-1 filling .. 375 grams 


c 











Liner Thickness OF 
30 Grams PE Esplosive 
Liner Angie 80* 


Op! Line 





Average Depth Of Cul (in) , 


(ad Curvilinear cavity charge in position. 

















s fe El i 
2 8 4 
Staad - Off (in) 
Figure 39—Siandoff Penetration Curve for o 0.4 
inch Wide Linear Cavity Charge Fitted with a Mild 
: ・ i Steel Cavity Lining Fired Into a Massive Mild Steel 
(b) The welded seam was jett uncut. Note distortion of T t 
^ tubing due to blast pressure. euge : 
Figure 38—8-inch Diameter Welded Steel Tubing. 
^ X Apex angle of liner .... RO - m 
・ Height of sides し リー 7, in U 4. 
The application of this charge to cutting of the tail Standoff distance ドー en Ne 
. door-from the unit compartment of the German C — Radius of curvature . d'un (dos 
) type mine case is illustrated in figure 37. . à f 
à The cuts produced were clean and RTR das the 
- pipe and tubing were distorted. somewhat 
Use of Curvilinear Charges for Cutting Steel edges by blast’ pressure from the cutis oa.nt 
Pipe and Welded Stéel Tubing Figure 38. This distortion was redaccd ta 
ip x : ben the pipe bing was nlled vath out 
Curvilinear cavity charges made to the following DULCI. ae IN の PRE í s 
specifications have been used for the’ cutting of steel : . | | 
; , : Use of kinked Linear Cavity Chorges for 
pipe and welded steel tubing. ds " : 
à ・ Sectioning Explosive Filled Ordnance 
M Charge for Charge for i ; - ` 
Cutting Steel Cutting Steel Linear cavity charges hnked yogether te terry à 
Pipe (Min. Tubing (% In A cf rt 5 near dati e Mae P ae cid v 
, VO Thick dm. 7 Thick, fn, continuous linked linear cavity Charge ave bern sn 
^ Diameter) Diargeter) cessfully used to section explosive nlied ordnance 
, Material of liner ...... Mild steel Mild steel * The length of each link comprising such a charge is 
Charge Width ........ ¥ in. 848 in. determined by the diameter and the wall thickness 
Thickness of liner ..... 0.021 in. 0.009 in. of the ordnance to be sectiontd. 
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SHAPED CHARGE AMMUNITION 


Under optimum conditions linear. cavity charges 
. can be expected to penetrate to a depth equal to 80 
-percent of the width of the cavity lining in mild steel 
targéts massive enough to withstand the. attack and 
to a depth equal:to one charge width in mild steel 
targets where the depth of target is no greater ‘than 
the width of charge. Variations in standoff distance 
from optimum result in somewhat reduced penetra- 
tions. 


Thé decrease in penetration, resulting from varia- 


"tiom in standoff distance due to cutting on a curved 
` surface with. straight links, must be. overcome by 
using charges slightly larger than would be required 
..for sectioning by means of curvilinear cavity charges. 
The length of the individual link i is then determined 


by the variation ‘in standoff for the selected charge. 


- width beyond which penetration of the ordnance case 
will not be obtained. * 
.The selection of the linear cavity dans to be ised 


-for sectioning by means of linked charges is best, 


illustrated by corisidering à ‘specific example. Figure 
39 shows the standoff penetration curve for a O.4-inch 


wide: linear cavity charge fitted with a mild steel 


- cavity. lining fired into. a massive mild steel ‘target, 
| Optimum penetration for. this charge is approxi- 


mately Xo inch at a standoff of 14 inch. The hori- 


zontal line drawn across the curve near the maximum 
j tepresents a reduction of penetration of approxi-. 
-mately 10 pescent. As shown this indicates that the 
charge would be expected_to penetrate a 14-inch 


thick mild steel plate at standoffs varied from approxi- 
mately 346 inch through 3 inch. This is noted.a as 
- + the effective range: : ; 
.The length of the link ‘that ‘could be ae i 
` used to section 14-inch thick’ steel, ordnance cases: 


would then be determined. by. ‘the length’ óf charge 


that Would. maintain a standoff of 4" inch'or less | 


| ‘with a. minimum standoff’ of He inch-within: the 


"+ curvature of the ordnance case. Figure 40 ilustras | 
schematically a linked linear cavity-charge consisting. > 


of links-04-inch wide and three inches long applied 
to cutting. of an’ “ordnance ・ case Seit inches ` in 
diameter. - 


. -The maximum standoff distance as hws} in figure 
. 40 is slightly greater than Xx inch: Consequently. 


- this charge would be expected to leave uncut portions 
` eight bacca in diameter. 
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-Figure ` 40—Schematic of Linear Cavity “Charge 


Consisting:of Links 0.4 inch Wide and Three jnches ` 
m for | An Ordnonce Cage Eight Inches in 
vp ‘Diem ひ 





Figure 41—Schematie. of linear Cavity Charge 
‘Consisting of Links 0.4 inch Wide and Three inches . 
«Long for Cutting An Ordnance Case 26 inches, in 

, Diameter. : 


e 


\ 


. Figure. 4 represents etait a linked linear 
cavity charge consisting of links 0.4 inch wide and , 
three inches in. length applied to the. cutting of an 
‘ordnance case 26 inches iñ diameter. The maximum: 
and minimum standoff. distances às shown in. figure 
41 are well within the: range of permissible: variation 
in ‘standoff. ier EC PE 

` Ordnance cases’ inch. “thick vand 26. fives jn. 





> diameter ‘could ‘be «cut using links longer" ‘than three 


inches in\:length. | "When applied ! te cutting of sur- . 
"faces of large ) radii. of cürvature, reduction in penes 





` tration may be encountered at. the” joints between 
UO Haks.’ 
: charges it.is important. that the base of the cavity. 


Inthe manufacture of linked linear cavity 


lining of adjoining Ii link$ maintain as close contact, as 
possible. This is best accomplished by: joining the … 


: -~ links together. by meañs of wires soldered at the base 
` of the case if used on 14- inch thick cases;smaller than : 


‘of the links. Standoff distance is best maintained by > 
means ét standoff ‘legs at the center of the links. : 


F 
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Figure 42—Sectioning of: US. Depth Bomb AN-Mk 
49. The Charges Are Linked Together by Meons 


of Cotter Pin Joints Incorporated in the Standoff - 


Legs. 


When'linked linear cavity charges are applied to 
cutting on curved surfaces; gaps wilt necessarily 
appear between the explosive filling of individual 
links. Best results are obtained when these gaps are 
filled with plastic explosive, 

Applications of linked linear cavity charges to sec- 
tioning of explosive filled ordnance are illustrated in 
figures 42 and 43. 1 : 


U.S. Depth Bomb AN-Mk49 (Figure 42) 
The U.S. Depth Bomb AN-Mk49 has been suc- 


cessfully sectioned by means of linked linear cavity 
charges fade to the following specifications 


Length of links .. iiu ue gene est 6 in. 
Width of charge ............. M teda V4 in. 
Material of liner ....,..,....... .. : Mild stecl 
Thickness of liner ...-... .. PETERET , 0.011 in. 
Apex angle of liner ................... 120* 


i 


Height of sides li a... eee eee 0.42 in. 





. Standoff distance ........ Sante 3M in. 


The sides oĉ the links were cut at the midpoint to - 


| permit bending td produce the effect of using linked 
charges three inches in lerigth. 


(a) The charges are linked together bs om 
pin jomts incorporated an the s ndu: Dodege piaces 
Scoring of the ben 








the detonation of the Jinked near 
cavity. charges. 


Figure 43—250-kg. German G.P. Bomb. 


(b) Sectioned by 
\ 


250 K.G. German G.P. Bomb (Figure. 43) 


The linked linear cavity charges used in sectioniny 


- of this bomb were made to the following specifica- 





tions: 

Length of links £4 es ids p ei d ye ace HR 
Material of liner ..:.............. Mild sicel 
Width of liner ........ ind ahaa lbid in 
Thickness of liner .................. 0.010 in. 

. Apex angle of liner ................ sss 80° 
Height-of sides .............,. UE oig dn. 
Standoff distance. (maximum) ......... » in. 








Y 
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T acis CALCUL T QR アァ ン 
120* と 





t5 «, Ls (9 Enlarged view. of face section; T LS s Mi d RP ( 


Figure diens Cavity Charge Calculator. Hairline Is Set for: Computing Speiificätions for Charge 
a? eque ter Cutting. 04 ash: Into a 1 “inch Thick Target" of Mild Steel. 


linear Cavity Charge, Calculator , | ー RU for cavity, linings ‘of both 80° and 120° P apex 
, ‘angles; as follows :' 





| “The linear cavity charge calculator, ure “44, was : 
developed from information derived in a fondamental ^. 
investigatión of linear cavity charges of plastic ex- 
.plosive conducted by the Ordnance Investigation 

, Laboratory. It-was designed fo assist mine and bomb 


SS Standoff distance. a | 

ow (black) — Width of charge. : : et 
W (red) = Desired depth of cut into massive i 
`. stargets. de 2 

Hs :Height of plastic explosive used i in We 


2 VIS personnel: im. the. preparation. and Wa w :: (Cómposition C-3). 
ipear cavity charges; ROC : エニ Thickness of mild steel required de cavity. 


8 30. 


e face of the” calculator contains TN diferent a rit us | 
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Problem. 1 a | i 


` for the 80° angle. 


- "Problem 2 


x < E i 
The back of the calculator includes instructions for 


the use of the calculator, penetration equivalents for 
cavity charges in various target materials, a rule in 
inches, and a table of decinial equivalents. 

"The use of the calculator is illustrated. by the fpl- 
lowing examples: i 


It is desired to make a'cut 0.8-inch deep in a mild 
- steel plate 174-inches deep, using the minimum quaii- 


_ tity of plastic explosive. 
Since linear cavity iade of plastic 


. Solution: 
explosive fitted with cavity lining of 80* apex angle 


are efficient cutting charges and the target plate is. 


massive enough to withstand, the; attack without 
“spalling, the hairline.is set to 0.8 on the red W scale 
The réquired charge 9669 
‘are e then read ‘from the Juss as follows: 


Charge width 


Height of explosive dn. esser Zinc 
_ Thickness of liner (T) ........ ーー 0040 in 
E Optimum standoff distance (S) ....... 0,6 iu. 


A linear cavity charge made to these y specifications | 
d may be expected to penetrate to a depth. of 0.8 pra 


into the given. target plate. 


+ Di ^ : Pi 
Wo D è DLL 


. It is desired to section a 1,000-lb. general-purpôse 
- bomb having a minimum wall thickness of 0.4 inch 
` by means of a curvilinear cavity charge. : 
Since the 0.4-inch thick bomb case is 


* Solution: 


not sufficiently thick to withstand attack from a cavily : 
charge without spalling, a cavity charge 0.4-inch' 


wide if fitted with a cavity lining of 80° “apex angle, 
“would be ‘expected to accomplish the desired section- 
ing. Since the width of the required charge is known, 
the hairline i is set on 0.4 inch on the black W scale 


Height of. explosive” (Hy. NSR ee 
‘Thickness of liner (T).........:... 0.016 in 
Optimtm standoff distance (S) m 0.275 in. 


“of the rule; and the “following. charge eei epom 、 
. are read from the rule: 


| A curvilinear cavity charge . made to. the above 


specifications would be expected to section the bomb: 


* ,* U.S) GOVERNMENT PAINTING 'OFFICE-1967: EN 
1 ere ・ V 








at Be 


- ‘head, Such a charge would be exceedingly dificuli 
` to manufacture. *By using a cavity charge fitted with 


Problém 3 


-It is desired to section a torpex filled torpedo war- 


head. The: warhead is ONS of -inch thick 
brass. vu 
Solution: Referring to the penetration. equiva- 


lents on the back of the ca lator, it i$ seen that a 
penetration df I inch in mild s cel i is equivalent to a. 
penetration of 14 inches in brass. . To determine the’ 
thickness of mild steel equivalent to 14 inch of brass 
4 for purposes of computing the’ size of charge neces- 
sary to section the warhead, the following proporti : 


^ may be set üp: 


14 


_ 70125 


; = z 
, Where X = required dept of cut in mild: steel. 
From which メモ ーー E TE 


ž - 06 i in. (approx.) | ` 
A curvilinear’ cavity charge fitted witk stidight- 


sided cavity/fining of 80°, apex angle approximately 
0.10 inch wide would be required tý section diis: - 





Æ cavity lining of 120° a somewhat larger charge 
could be used, and penetration could be re duced by 
increasing the standoff. 9 ee 
Curvilinear cavity? charges, /4zinch wide; fitted 
with cavity lining§fof 120° apex angle have been 
successfully used för sectioning of thin-cased explo- 
sive filled ordnance. A charge of this type is easily 
. made and can be effectively used at relatively large 
standoff distances. ` 
Since the. width of the required charge i is known, 
the hairline of the slide is set on % inch (0. 250) on 
the black W scale on the rule under the 120° “angle. 
The carresponding „charge specifications are ead 
from the rulé as follows :- 


Standoff distance’ (S) weed uti aa edes 0.24 in 
Height of sides (H) ...... Y segue: . 0.42 in 
Thickness of liner (T). p 0.0075 in. 


. Since a soiewhat reduced cutting effect is desired, 
the standoff distance used for the charge will be 
approximately doubled, resulting in using a a standoff 
ef % inch (0. 50 inch). ~ 

Since 0.0075-inch thick mild steel i is hot à readily, 
available as 0.011-imch thick mild steel, the latter 
may be substituted for the former in making up the 


chargé. 
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